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(54) Method of obtaining particulars of ophthalmic lens 



(57) A method of obtaining particulars or character- 
istics of an ophthalmic lens by detecting a fluorescent 
light which is ennitted from the ophthalmic lens upon ex- 
posure to an excitation light (UV light). The particulars 
or characteristics of the ophthalmic lens include, for in- 
stance, identifying marks such as characters, figures, 



symbols, etc. which are fonned in the ophthalmic lens 
to identify the ophthalmic lens, a thickness of the oph- 
thalmic lens such as a contact lens and an intraocular 
lens, and an angular position of the ophthalmic lens, par- 
ticularly of a special contact lens havina.clrcumferentiat 
portions having respective different thickness values. 
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[0001] This application is based on Japanese Patent Application Nos. 2001-014031 filed on January 23 2001 
2001-035126 filed on February 13. 2001. and 2001-044758 filed on February 21. 2001. the contents of which are 
incorporated hereinto by reference. 



BACKGROUND OF THE INVEfsTTION 
Field of the Invention 



0002] The present invention relates in general to a method of obtaining particulars or characteristics of an ophthalmic 
ens by detecting a fluorescent light which is emitted from the ophthalmic lens upon exposure to an excitation light (UV 
ight)^ The particulars or characteristics of the ophthalmic lens include, for instance, identifying marks such as charac- 
ters figures symbols, etc. which are formed in the ophthalmic lens to identify the ophthalmic lens, a thickness of the 
oph halmic lens such as a contact lens and an intraocular lens, and an angular position of the ophthalmic lens partic- 
ularly of a special contact lens having circumferential portions having respective different thickness values. 

Discussion of Related Art 

20 [0003] As one example of the particulars or characteristics of an ophthalmic lens which give information on the lens 
there are known identifying marks formed in predetemmined portions of the ophthalmic lens such as a contact lens or 
an intraocular lens. The identifying marks include characters, figures, symbols and others, which permit or facilitate a 
differentiation between front and back surfaces of the lens or between lenses for left and right eyes. Further the iden- 
tifying marks are formed to indicate the thickest circumferential portion in the lens or specifications of the lens and 
manufacturing information such as a manufacturer's name. Formari<ing the ophthalmic lens, a laser radiation is used 
rLn"?/^"-^ Identifying marks in the lens surface, or a printing liquid containing a pigment or a dye is used 
[0004] The Identifying marks formed in the ophthalmic lens as described above are checked or read upon packaaina 
or shipment of the lens by a wori<er, for assuring delivery of a lens suitable to a specific user, or distinguishing various 
types of lenses from each other in the production line. In general, the identifying mari<s are manually checked by the 
wori<er for each of a plurality of ophthalmic lenses, by visually inspecting each lens directly or through a magnifying 
glass. Since the identifying marks are fomied generally at a peripheral portion of the lens for the purpose of avoidina 
an adverse influence on its optical region, it is rather difficult to recognize the identifying marks by the worker's visual 
inspection Accordingly, the conventional method of reading the identifying marks by the worker's visual inspection 
undesirably suffers from reading errors of the identifying marks due to sensory errors and fatigue of individual workers 
hurther, the production efficiency of the lens is undesirably deteriorated 

[0005] In view of a current trend that disposable contact lenses are widely used, there is a demand for mass-pro- 
duction of the ophthalmic lens with high production efficiency at a reduced cost. The above-described conventional 
mand° ""^""^"^ '^^"""9 identifying marks by the worker's visual inspection, however, does not meet the de- 

^T!', 'echnique for solving the problem described above, it is proposed to take an image of the marked 

ophthalmic lens by a CCD camera, for instance, and to process the obtained image by an image data processing 
device. In this technique, however, it is difficult to obtain a sufficiently clear image of the lens for reading the identifying 
marks since the ophthalmic lens is transparent and the identifying marks formed in the lens are transparent or pale in 

[0007] US Patent No. 6,124,594 discloses a method of confioning the presence of a contact lens in a package bv 
using an infrared radiation JP-A-aooo-l 77720, JP-A-1 1-503232, and JP-A- 9-504095 disclose a method of detecting 
the presence of a contact lens in a container, or a method of detecting defects of a contact lens such as scratches and 
chips, comprising the steps of applying an excitation light such as a UV light to the contact lens, and taking a fluorescent 
image of the lens while the lens is emitting a fluorescent light by exposure to the excitation light. None of the methods 
however, disclose or suggest reading the identifying mark fomied in the lens by utilizing the fluorescent image Ac- 
cordingly, the Identifying mark needs to be read manually by the wori<er's visual inspection, thereby causing a risk of 
delivering, to a user, improper lenses having the specifications such as the optical power and the radius of curvature 
which are different from those suitable to a specific lens user 

[0008] It is therefore a first object of the present invention to provide a method of accurately and easily reading an 
Identifying mark formed in an ophthalmic lens so as to obtain information on the lens, so that the obtained information 
are compared with prepared reference infonmation for the purpose of distinguishing various types of lenses from each 
other in the production line. 

[0009] Another example of the particulars which give information on the ophthalmic lens, the thickness of the oph- 
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thalmic lens, especially at its optical center, is measured. For providing a lens user with an ophthalmic lens suitable to 
an eye of the lens user, and for effectively practicing a quality inspection and an inventory control of the ophthalmic 
lens, it Is required to measure the optical center thickness of the ophthalmic lens. There are proposed various methods 
for measuring the optical center thickness of the ophthalmic lens, especially a contact lens, for example, methods 

5 which use contact members, an ultrasonic wave, and an optical microscope. 

[0010] For instance, a dial gauge or indicator which includes a pair of contact members is used for measuring the 
optical center thickness of the ophthalmic lens. The contact members are brought into contact with central portions of 
the opposite surfaces of the ophthalmic lens, respectively, so that the optical center thickness of the ophthalmic lens 
between the contact members is measured. In this contact-type method wherein the contact members are held in 

10 contact with the ophthalmic lens, there is a risk that the contact members may scratch or damage the ophthalmic lens 
surface. Further, since it is difficult to accurately determine a position of the lens at which the thickness should be 
measured, the thickness cannot be measured at a desired portion every time when the ophthalmic lens is subjected 
to the measuring operation, undesirably causing measuring errors. Where the contact members having a relatively 
large diameter are used to measure the optical center thickness of a toric lens or a bifocal lens whose optical center 

15 is offset Trom a geometrical center, it is difficult to bring the contact members into accurate abutting contact with the 
desired circumferential portion of the lens whose thickness varies in the circumferential direction. In this case, the 
optical center thickness of the ophthalmic lens cannot be accurately measured. 

[0011] When the optical center thickness of the ophthalmic lens Is measured by using the ultrasonic wave, the ul- 
trasonic wave generated from an ultrasonic wave transducer Is applied to the ophthalmic lens along an axis passing 

20 the center of the spherical surface of the lens. The optical center thickness of the ophthalmic lens is obtained from the 
waves which are respectively reflected by the opposite surfaces of the lens. Unlike the above-described method using 
the contact members, this method pemnits the measurement of the optical center thickness of the lens in a non-contact 
manner without using any members in contact with the lens surface. This method, however, requires a relatively long 
period of time for the thickness measurement and an accurate temperature control, inevitably pushing up the cost of 

25 the measuring device. 

[0012] When the optical center thickness is measured by using the optical microscope, it is generally impossible to 
measure the thickness of the ophthalmic lens with the lens being immersed in a liquid such as water, due to attenuation 
of a light. A soft contact lens, in particular, is likely to be deformed due to evaporation of the aqueous component 
therefrom during the measuring operation, whereby the thickness of the lens cannot be accurately measured. 
30 [0013] It is therefore a second object of the present invention to provide a novel method of easily and accurately 
obtaining a thickness of an ophthalmic lens in a non-contact manner without using any members in contact with the 
lens surface, for thereby avoiding a risk of damaging the ophthalmic lens. 

[0014] As another example of the particulars which give information on the ophthalmic lens, an angular position of 
the ophthalmic lens is detected. The angular portion of the ophthalmic lens is detected for the following reasons. 
35 [0015] As a contact lens for vision correction of an eye suffering from deteriorated accommodation such as presbyopia 
and astigmatism, there is proposed a special contact lens having circumferential portions having respective different 
thickness values. The special contact lens includes a toric lens having a toric shape, and a multifocal lens such as a 
bifocal lens having a plurality of vision correction powers, 

[0016] The special contact lens such as the astigmatism correction contact lens or the presbyopia correction contact 
40 lens providing near and distant vision correction powers is positioned on an eye of the lens wearer with a predetermined 
circumferential orientation thereon while being prevented from rotating in the circumferential direction. As one technique 

for positioning the lens on the lens wearer's eye with a predetemnined circumferential orientation, a prism ballast mech- 
anism is generally known. The contact lens which employs the prism ballast mechanism has a gravity center at a 
relatively lower portion thereof, by offsetting the centers of front and back surfaces from each other by a suitable offset 
45 amount, with the thickness of the lower portion being increased, Therefore, the contact lens can be placed on the eye 
whilemaintainingthe desired circumferential orientation. In the contact lens with the prism ballast mechanism described 
above, the lower portion thereof has a thickness larger than the other portion when placed on the eye with the desired 
circumferential orientation. 

[001 7] For an effective quality inspection and an inventory control of the special contact lens described above, there 
so are conducted various examinations on the special contact lens for obtaining the characteristics thereof. In the astig- 
matism correction contact lens, for instance, a spherical power, a cylindrical power, an orientation of an astigmatic axis, 
and an amount of prism are examined. The presbyopia correction contact lens is examined, for instance, for the cir- 
cumferential positions of areas or regions to which a distant and a near vision correction power and an additional power 
are given. Prior to these examinations, it is necessary to clarify or specify a position of a reference circumferential 
55 portion at which the thickness of the lens is the largest. In other words, it is necessary to detect a reference radial 
direction which is defined by a geometrical center of the lens and the reference circumferential portion having the 
largest thickness. 

[0018] For detecting the reference radial direction described above, a suitable index or a mark is formed on the 
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surface of the special contact lens at a circumferential position corresponding to the reference circumferential portion 
having the largest thickness. In conducting various examinations, the index of the lens Is positioned in the circumfer- 
ential direction with a suitable inspecting device. However the manual positioning of the index of the contact lens with 
the inspecting device inevitably causes a positioning error, and requires a relatively long period of time for detecting 
the reference radial direction. 

[0019] Even if the reference radial direction were appropriately recognized, the cost of producing the contact lens 
would be undesirably increased due to forming the index on the lens surface. Further if the index is erroneously po- 
sitioned on the lens surface, that is, the index is offset from the actual reference portion, the reference radial direction 
is inevitably determined based on the erroneously positioned index. 

[0020] It is therefore a third object of the present invention to provide a novel method of easily and accurately detecting 
an angular position of an ophthalmic lens, particularly, a special contact lens having different thickness values at dif- 
ferent circumferential positions, without forming any identifying marks or Indices on the surface of the lens. The angular 
position of the lens is defined, for instance, by a position of the thickest circumferential portion (the above-described 
reference circumferential portion) of the lens, i.e., the reference radial direction. 

SUMMARY OF THE INVENTION 
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[0021] As a result of an intensive study made by the inventors of the present invention in an effort to achieve the 
above-indicated first object of the invention relating to the method of reading the identifying mark, it was found that an 
image of the ophthalmic lens, which clearly represents the identifying mark, can be obtained by taking a fluorescent 
image of the lens by detecting a self-fluorescent light emitted from the lens upon irradiation with an excitation light. 

rather than directly taking an image of the ophthalmic lens. 

[0022] The above-indicated first object of the invention may be achieved according to a first aspect of the invention, 
which provides a method of reading an identifying mark in thefomn of a character, a figure, or a symbol, which is formed 
in a predetenmined portion of a surface of an ophthalmic lens and which identifies the ophthalmic lens, comprising the 
steps of: irradiating the ophthalmic lens with an excitation light so that a self-fluorescent light is emitted from the oph- 
thalmic lens; taking a fluorescent image of the ophthalmic lens while the ophthalmic lens is emitting the self-fluorescent 
light; obtaining information on the ophthalmic lens by reading the identifying mark formed in the ophthalmic lens, on 
the basis of the fluorescent image. 

[0023] In the present method of reading the identifying mark formed in the ophthalmic lens, the ophthalmic lens is 
irradiated with a suitable excitation light, and the fluorescent image of the lens is obtained by detecting the self-fluo- 
rescent light over the entire surface of the lens, which self-fluorescent light is emitted from the material of the lens by 
exposure to the excitation light. The thus obtained fluorescent image of the lens represents the identifying mark f onned 
in the lens with higher clarity than an image of the lens which is directly taken by a camera. According to the present 
method, the identifying mark formed in the ophthalmic lens can be considerably easily read or recognized, so that the 
infonnation on the ophthalmic lens can be advantageously obtained. 

[0024] Since the identifying mark is clearly represented by the fluorescent image of the lens, the identifying mark 
can be automatically read or recognized by a suitable system, for thereby permitting a quick and continuous reading 
of the Identifying mark of each of the mass-produced ophthalmic lenses, and significantly reducing a labor cost required 
for reading the identifying mark, which results in a reduction of the manufacturing cost of the ophthalmic lens. 
[0025] In a preferred iorm of the above-described first aspect of the invention, the method further comprises a step 
of judging whether the obtained information is identical with prepared reference infomiation. This an-angement effec- 
tively avoids the conventionally experienced problem of delivering, to a user, an improper lens having specifications 
not suitable to the specific user Further the mass-produced ophthalmic lenses having respective different specifica- 
tions can be effectively distinguished from one another in the production line. 

[0026] In another preferred form of the above-indicated first aspect of the invention, the step of irradiating the oph- 
thalmic lens with an excitation light and said step o\ taking a fluorescent Image are effected with the ophthalmic lens 
being immersed in a liquid medium accommodated in a container Since the identifying mark formed in the ophthalmic 
lens can be read while the ophthalmic lens is immersed in the liquid medium, the ophthalmic lens, especially, a hydrogel 
or water-swollen lens is protected from being dried, so that the lens does not suffer from any deformation due to 
evaporation of the aqueous component therefrom. 

[0027] In still another preferred form of the above-Indicated first aspect of the invention, the step of taking a fluorescent 
image of the ophthalmic lens is effected by using a CCD camera. According to this arrangement, the fluorescent image 
can be effectively obtained. 

[0028] The excitation light which irradiates the ophthalmic lens is preferably a UV light having a wavelength in a 
range of 200-400 nm, and the fluorescent light emitted from the ophthalmic lens preferably has a wavelength in a range 
of 340-470 nm. Accordingly, the fluorescent image can be obtained with high accuracy, so that the identifying mark 
can be effectively read. 
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[0029] To attain the above-indicated second object of the invention relating to the method of obtaining the thickness 
of the ophthalnnic lens, the inventors of the present Invention made an Intensive study and found that there Is a pre- 
determined correlation, irrespective of the curvature of the lens surface, between the thickness of the ophthalmic lens 
and the luminance of the self-fluorescent light emitted from the material of the lens by exposure to the excitation light,. 

5 [0030] The second object indicated above may be achieved according to a second aspect of the invention, which 
provides a nnethod of obtaining a thickness of an ophthalmic lens, comprising the steps of: irradiating the ophthalmic 
lens with an excitation light so that a self-fluorescent light is emitted from the ophthalmic lens; obtaining a luminance 
value at a thickness measuring portion of the ophthalmic lens from the self-fluorescent light; and determining the thick- 
ness at the th ickness measuring portion on the basis of the obtained luminance value and according to a predetemrilned 

10 relationship between the thickness of the thickness measuring portion and the luminance value of the self-fluorescent 
light generated by irradiation with the excitation light. 

[0031] In the present method described above, the self-fluorescent light which is emitted from the ophthalmic lens 
upon irradiation with a suitable excitation light is detected over the entire surface of the ophthalmic tens or at a desired 
portion thereof. It Is considered that the ophthalmic lens emits a fluorescent light owing to transition of the electrons 
75 of the molecules ot the ophthalmic lens material. From the detected fluorescent light, the luminance value at the thick- 
ness measuring portion is obtained, and the thickness of the thickness measuhng portion is determined on the basis 
of the obtained luminance value and according to the predetermined relationship between the thickness of the thickness 
measuring portion and the luminance value of the self-florescent light. The relationship Is represented by a calibration 
curve, for Instance. According to this method, the thickness of the ophthalmic lens can be easily obtained in a non- 
20 contact manner without using the conventional contacting members which are held in contact with the opposite surfaces 
of the lens, so that the ophthalmic lens does not suffer from any damage. Further, the present method pemiits an 
accurate measurement of the optical center thickness of various lenses such as a mono-focal lens having the smallest 
thickness at its geometrical center, a toric or a bifocal lens having a thin-walled portion at its lower or upper portion, 
and other Icnsos whose optical center is offset from its geometrical center The thickness of those lenses could not be 
25 accurately measured by the conventional method using the contact-type thickness measuring device. 

[0032] in one preferred fonn of the above-indicated second aspect of the invention, the step of obtaining a luminance 
value at the thickness measuring- portion comprises a step of taking a fluorescent Image of the ophthalmic lens while 
the ophthalmic lens Is emitting the self -fluorescent light, the fluorescent mage representing a distribution of luminance 
values on a surface of the ophthalmic lens irradiated with the excitation light, the luminance value at the thickness 
30 measuring portion being obtained on the basis of the distribution. According to this arrangement, the entire Image of 
the fluorescing ophthalmic lens can be obtained, so that the position of the intended thickness measuring portion can 
be easily and accurately determined in the obtained fluorescent Image of the lens. Further, the present arrangement 
permits the thickness to be measured at any desired portion of the lens. 

[0033] In another preferred form of the above-indicated second aspect of the invention, the step of taking a fluorescent 
35 image of the ophthalmic lens is effected by using a CCD camera. According to this arrangement, the fluorescent Image 
can be effectively obtained. 

[0034] In still another preferred form of the above-indicated second aspect of the invention, the fluorescent image 
of the ophthalmic lens represents- a distribution of different colors corresponding to respective values of luminance of 
local portions of the ophthalmic lens, the thickness of the thickness measuring portion being obtained from one of the 
•^0 different colors which corresponds to the thickness measuring portion. According to this arrangement, the luminance 
and the thickness of the ophthalmic lens can be easily obtained or recognized. 

[0035] The excitation light which irradiates the ophthalmic lens is preferably a UV light having a wavelength in a 
range of 200-400 nm, and the fluorescent light emitted from the ophthalmic lens preferably has a wavelength In a range 
of 340-470 nm. Accordingly, the fluorescent image can be obtained with high accuracy. 

45 [0036] To achieve the above-indicated third object of the invention relating to the method of detecting the angular 
position of the ophthalmic lens, the Inventors of the present Invention made an intensive study and found that the 
luminance of the self-fluorescent light emitted from the material of the ophthalmic lens upon exposure to the excitation 
light increases with an increase of the thickness of the ophthalmic lens. Further, it was found that the angular position 
of the ophthalmic lens such as a special contact lens having circumferential portions having respective different thick- 

50 ness values can be determined by detecting the self -fluorescent light emitted therefrom. The angular position of the 
ophthalmic lens Is defined, for instance, by a position of the thickest circumferential portion of the lens, In other words, 
a reference radial direction which Is defined by the geometrical center of the lens and the thickest circumferential portion 
of the lens. The thickest circumferential portion of the lens is aligned with the reference radial direction. Further, the 
angular position is also defined by a position of one of a near vision correction region and a distant vision correction 

55 region of the lens, In the circumferential direction. 

[0037] The above-indicaied third object of the invention may be achieved according to a third aspect of the invention, 
which provides a method of detecting an angular position of an ophthalmic lens having circumferential portions having 
respective different thickness values comprising the steps of: Irradiating the ophthalmic lens with an excitation light so 
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that a self-fluorescent light is emitted from the ophthalmic lens; taking a fluorescent image of the ophthalmic lens while 
the ophthalmic lens is emitting the self-fluorescent light, the fluorescent image representing a distribution of luminance 
values on a surface of the ophthalmic lens irradiated with the excitation light; and determining the angular position of 
the ophthalmic lens on the basis of the distribution. 

5 [0038] According to the method described above, the ophthalmic lens such as a special contact lens having circum- 
ferential portions having respective different thickness values by provision of the prism ballast mechanism, for instance, 
is irradiated with the excitation light, so that the self-fluorescent light is emitted from the ophthalmic lens. The self- 
fluorescent light is detected over the entire surface of the lens so as to provide a fluorescent image of the lens which 
represents a distribution of luminance values on the surface of the ophthalmic lens irradiated with the excitation light. 

to It is considered that the ophthalmic lens emits a fluorescent light owing to transition of the electrons of the molecules 
of the ophthalmic lens material. Accordingly, the angular position of the ophthalmic lens can be easily and accurately 
detected or detennined based on the distribution. 

[0039] The present method permits an automatic and continuous detection of the angular position of each of a plurality 
of ophthalmic lenses, for thereby significantly reducing a required time and a laborcost for detecting the angular position 
^5 of the ophthalmic lens. 

[0040] In the present method wherein the self-fluorescent light emitted from the ophthalmic lens itself is detected, 
the detected fluorescent image of the ophthalmic lens has a considerably high degree of contrast, as compared with 
an image of an ophthalmic lens which is obtained by irradiating the lens with a visible light, and detecting a portion of 
the light which is reflected by the lens or which is not absorbed by the lens. Accordingly, the present method permits 
an accurate detection or determination of the angular position of the lens (e.g., the reference radial direction described 
above), which angular position could not be conventionally detected with high accuracy by detecting the light which is 
reflected by the lens or which is not absorbed by the lens. 

[0041] In one preferred form of the above- indicated third aspect of the invention, the ophthalmic lens is a special 

contact lens which consists of an astigmatism correction contact lens or a presbyopia correction contact lens. If the 
25 present invention is applied to those lenses, the subsequent examination for obtaining various characteristics such as 

an optical power, an astigmatic axis orientation, an amount of prism, etc. can be accurately conducted. 

[0042] In another preferred form of the above-indicated third aspect of the Invention, the angular position is defined 

by a position of one of the thickest circumferential portion, a distant vision correction region, and a near vision con-ection 

region of the ophthalmic lens, In the circumferential direction. 
30 [0043] In yet another preferred fomn of the above-indicated third aspect of the invention, the thickest circumferential 

portion is aligned with a reference radial direction which is defined as a radial direction extending from a geometrical 

center of the ophthalmic lens toward the thickest circumferential portion. 

[0044] In still another preferred fomi of the above-indicated third aspect of the invention, the step of irradiating the 
ophthalmic lens with an excitation light and the step of taking a fluorescent Image are effected with the ophthalmic lens 
35 being immersed in a liquid medium accommodated in a container 

[0045] In yet another preferred form of the above-indicated third aspect of the invention, the step of taking a fluores- 
cent image is effected by using a CCD camera. According to this arrangement, the fluorescent image can be effectively 
obtained. 

[0046] In a further prefen-ed form of the above-indicated third aspect of the invention, the fluorescent image of the 
40 ophthalmic lens represents a distribution of different colors corresponding to respective values of luminance of local 
portions of the ophthalmic lens. According to this an-angement, the distribution of the luminance values of the ophthalmic 
lens can be easily recognized. 

[0047] The excitation light which in-adiates the ophthalmic lens is preferably a UV light having a wavelength in a 
range of 200-400 nm, and the fluorescent light emitted from the ophthalmic lens preferably has a wavelength in a range 
of 340-470 nm. According to this arrangement, the fluorescent Image can be accurately detected, so that the angular 
position of the ophthalmic lens can be determined with high accuracy 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0048] The above and other objects, features, advantages and technical and Industrial significance of the present 
Invention will be better understood by reading the following detailed description of presently preferred embodiments 
of the Invention, when considered in connection with the accompanying drawings, In which: 

Fig. 1 is a schematic view showing one example of a reading device for reading the identifying mark formed in the 
55 ophthalmic lens, which device is constructed according to the present invention; 

Fig. 2 Is a view showing one example of an image taking system of the reading device; 

Fig. 3 is a schematic view showing a contact lens with the identifying marks, to which the present Invention Is 
applied; 



45 
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Fig. 4 is a schematic view showing another example of the reading device for reading the identifying mark formed 
in the ophthalmic lens; 

Fig. 5 is a schematic view showing another example of the Image taking device of the reading device; 
Fig. 6 is a fluorescent image of a contact lens with the identifying marks, which is taken in Example 1 according 
5 to the present invention; 

Fig. 7 is an image of a contact lens with the identifying marks, which is taken in Example 1 as a comparative 
example; 

Fig. 8 Is a schematic view showing one example of a thickness measuring device for measuring a thickness of the 

ophthalmic lens, which device Is constructed according to the invention; 
10 Fig. 9 Is a schematic view showing another example of the thickness measuring device; 

Fig. 1 0 is a fluorescent image of a toric lens taken in Example 2 according to the present invention; 

Fig. 11 is a fluorescent image of a bifocal lens taken in Example 2 according to the present invention; 

Fig. 1 2 is a schematic view showing one example of an angular position detecting device for detecting an angular 

position of the ophthalmic lens, which device is constructed according to the invention; 
'5 Fig. 1 3 is a schematic view showing a fluorescent image of the ophthalmic lens, which indicates the reference 

radial direction and the angle between the reference radial direction and the horizontal axis of the lens; 

Fig. 1 4 is another example of the angular position detecting device; 

Fig. 15 is a fluorescent Image of an astigmatism correction contact lens (torIc lens) which is taken in Examples 
according to Ihe present invention; and 
20 Fig. 1 6 is a fluorescent image of a presbyopia correction contact lens (bifocal lens) which is taken in Example 3 

according to the present invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



25 [0049] There will be described some embodiments of the present invention by referring to the drawings. In the present 
invention, a fluorescent light which is emitted from an ophthalmic lens by irradiation with an excitation light owing to 
excitation of the material of the ophthalmic lens is referred to as a self-fluorescent light. 

[0050] Referring first to Figs. 1 -7, there will be described a first embodiment of the present invention , which Is directed 
to a method of reading an identifying mark formed in an ophthalmic lens, as one example of the particulars or charac- 

30 teristics which give information on the ophthalmic lens. Fig. 1 schematically shows a reading device for reading the 
identifying mark formed in the ophthalmic lens. The reading device includes an electromagnetic radiation emitting 
device 10, a fluorescent image detecting device 14, an image data processing device 28, and an output device 38. 
[0051] The electromagnetic radiation emitting device 1 0 emits a suitable light (an excitation light) having a predeter- 
mined wavelength, which Is incident upon an ophthalmic lens with the identifying mark (marked ophthalmic lens), in 

35 the form of a marked contact lens 1 2 made of a known polymer material. The excitation light causes the marked contact 
lens 1 2 to emit a self-fluorescent light, owing to excitation of the polymer material of the marked contact lens 12. Any 
known light emitting device such as a xenon lamp, a mercury lamp, a deuterium lamp, a tungsten-iodine lamp, or a 
laser radiation emitting device is suitably employed as the electromagnetic radiation emitting device 1 0. The luminance 
or intensity of the fluorescent light which Is emitted from the ophthalmic lens by exposure to the excitation light generally 

-^0 increases with an Increase in the intensity of the excitation light. Although the luminance of the self-fluorescent light 
emitted from the ophthalmic lens is advantageously increased by application of the excitation light having a relatively 
high degree of intensity, it is needless to mention that the ophthalmic lens may suffer from an undesirable change in 
its quality due to exposure to the excitation light with an excessively high intensity. 

[0052] The wavelength of the excitation light which irradiates the marked ophthalmic lens such as the marked contact 
•^5 lens 12 is not particularly limited, provided that the excitation light can generate the self-fluorescent light in the lens 
due to the excitation of the lens material itself. As the excitation light, a UV light having a wavelength in a range of 
200-400 nm is preferably employed. The UV light may be a line spectrum of a nan^ow band width, a continuous spectrum 
of a relatively broad band width, or may be composed of a plurality of line spectra. The self -flu orescent light emitted 
from the marked ophthalmic lens by exposure to such a UV light is generally a light having a wavelength in a range of 
50 340-470 nm. 

[0053] For irradiating the marked contact lens 12 with the light in the desired wavelength range described above, an 
optical filter may be interposed between the electromagnetic radiation emitting device 1 0 and the marked contact lens 
12. The optical filter Is adapted to selectively pass therethrough only the excitation light in the desired wavelength 
range for exciting the material of the rnarked contact lens 12. Since the optical filter does not pass therethrough a light 
55 having a wavelength outside the desired range, the marked contact lens 12 can be effectively irradiated with the ex- 
citation light in the desired wavelength range emitted from the device 10. 

[0054] The fluorescent image detecting device 14 takes two-dimensional fluorescent image of the marked contact 
lens 12 while the lens 12 is emitting the self-fluorescent light by exposure to the excitation light applied from the elec- 
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tromagnetic radiation emining device 10. As the detecting device 14, any known image-taking device (light detecting 
device) such as a CCD canneral or a photodiode can be suitably used, provided that the device is adapted to detect 
the self-fluorescent light emitted from the marked contact lens 12 and convert the light signal of the self-fluorescent 
light into the electric signal. The image-taking device may be provided with a lens such as a microscope or a camera, 

5 for obtaining a significantly clear fluorescent image of the marked contact lens 12. 

[0055] When the detecting device 14 is not arranged to detect only the light in the desired wavelength range, the 
detecting device 14 is preferably equipped with an optical filter or filters adapted to pass therethrough only thelight in 
the desired wavelength range. The detecting device 14 with the optical filter(s) can selectively detect only the self- 
fluorescent light emitted from the marked contact lens 12, and does not pass therethrough a redundant light, i.e., the 

10 excitation light having a considerably higher degree of Intensity than the self-fluorescent light emitted from the marked 
contact lens 1 2. Accordingly the obtained fluorescent image of the marked contact lens 1 2 has a high degree of contrast. 
[0056] One example of an image-taking system including the electromagnetic radiation emitting device 10 and the 
detecting device 14 for taking the fluorescent image of the marked contact lens 12 is shown in Fig. 2. In Fig. 2, the 
reference numeral 16 indicates a mercury-xenon lamp equipped with a band pass filter which passes a UV light whose 

'5 wavelength Is in a range of 330-380 nm. The mercury-xenon lamp 1 6 corresponds to the electromagnetic radiation 
emitting device 1 0 in Fig. 1 . The UV light emitted from the mercury-xenon lamp 16 is applied through a UV light guide 
1 8 toward the upper surface of the marked contact lens 12. 

[0057] The self-fluorescent light emined from the marked contact lens 12 Is detected by the detecting device 14 
which includes a camera lens 20 and a digital CCD camera 22 and which is equipped with a UV cut-off filter. In the 
20 present embodiment, the detecting device 14 is placed on a camera stand 24 and located above the marked contact 
lens 12, as shown in Fig. 2. The marked contact lens 12 is accommodated in a container 40 which will be described, 
and the container 40 is placed on a stage in the form of an elevator 26. 

[0058] The fluorescent image of the marked contact lens 12 detected as described above Is fed to an image data 
processing device 28 which is constituted by any suitable known microcomputer such as a personal computer. The 
25 image data processing device 28 Includes a character reading portion 32 functioning as an optical character recognition 
(OCR) portion 30. a comparison portion 34 for comparing the obtained data with reference data, and a judging portion 
36 for judging whether the obtained data are identical with the reference data. 

[0059] image data representative of the fluorescent image are first applied to the character reading portion 32 of the 
OCR portion 30 to read the identifying mark formed in the marked contact lens 12 such as characters or figures which 
30 represent the specifications of the lens (e.g., a base curve value, a diameter of the lens, etc.) and a production number 
of the lens. The character reading portion 32 utilizes a known character recognition function such as a pattern matching 
function or a neuro-leaming function. 

[0060] The character data which represent the information on the marked contact lens 12 read by the character 
reading portion 32 are applied to the comparison portion 34 where the obtained character data (obtained lens infor- 

35 mation) are compared with reference data (prepared lens Information). For Instance, the reference data are read from 
a bar code and a two-dimensional code given on a product label, an ID chlp^ a data storage medium such as FD, MO, 
CD-R(W), or a data base stored in a host computer. The comparison portion 32 reads suitable reference data depending 
upon the character data which are read by the character reading portion 32. When the Identifying mark formed in the 
marked contact lens 12 represents an optical power value of the lens, a desired optical power value is read as the 

■*o reference data. 

[0061] The judging portion 36 judges whether the obtained character data are identical with the reference data. The 
result of the judgment Is output to an output device 38 in the fomn of a display, a printer, a warning device, etc. The 
obtained character data and the result of the judgment may be stored in a an ID chip, a data storage medium such as 
FD, MO. CD-R(W), etc., or a data base in a host computer. 

•^5 [0062] On the basis of the judgment made as described above, the ophthalmic lens which has character data different 
from the reference data is distinguished from the desired ophthalmic lens having the character data identical with the 
reference data. Accordingly, the present arrangement effectively avoids the conventionally experienced problem of 
delivering, to a user, improper lenses having specifications not suitable to the eye of the specific user. Further, the 
mass-produced ophthalmic lenses having different specifications are effectively distinguished from one another in the 

50 production line. 

[0063] In the present method using the identifying mark reading device constructed as described above, the marked 
ophthalmic lens (marked contact lens 12) is uniformly irradiated with the predetermined excitation light over the entire 
surface thereof, and the self-fluorescent light emitted from the lens upon iaadiation with the excitation light is detected 
to give the fluorescent image of the lens. The thus obtained fluorescent image of the lens has a higher degree of 
55 contrast than a directly photographed image of the lens, whereby the identifying mark Is represented by the fluorescent 
image with a high degree of clarity. Therefore, the identifying mark formed in the ophthalmic lens can be easily recog- 
nised, so that the infomnation of the marked ophthalmic lens can be advantageously obtained. 
[0064] In the present method described above, the identifying mark clearly represented by the fluorescent image 
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can be automatically read, for thereby permitting a speedy and continuous reading of the identifying nnark fonmed in 
each of the mass-produced ophthalmic lenses, and significantly reducing the labor cost required for reading the iden- 
tifying mark, so that the cost for manufacture of the ophthalmic lens can be effectively reduced. 
[0065] The marked contact lens 12 is immersed in a liquid medium 42 such as a saline solution or a contact lens 

5 storing liquid. The liquid medium 42 is accommodated in the container 40 which has a cylindrical shape with a relatively 
small depth. The excitation light is applied to the marked contact lens 12 while the lens 12 is immersed in the liquid 
medium 42 accommodated in the container 40. The material of the container 40 is preferably selected from among 
those which do not emit a fluorescent light by exposure to the excitation light, for obtaining the fluorescent image of 
the lens 1 2 having a high degree of contrast, in view of this, it is preferable to employ, as the material of the container 

10 AO, a quartz glass or a any known metallic material such as stainless steel or aluminum. Those materials are not excited 
by the U V radiation having a wavelength of 200-400 nm. The material of the container 40 is not limited to those described 
above, but any other known materials which emit a fluorescent light by exposure to the excitation light may be used, 
as long as the fluorescent light emitted from the material of the container 40 does not prevent the reading or recognition 
of the identifying mark represented by the fluorescent image of the lens 12. 

15 [0066] In addition, it is preferable that the liquid medium 42 in which the marked contact lens 12 Is immersed does 
not emit a fluorescent light by exposure to the excitation light. If the marked contact lens 12 were stained, the identifying 
mark formed in the lens 12 would not be clearly recognized. In view of this, it is preferable that the Identifying mark 
should be read while the lens 12 is kept clean. 

[0067] While the present invention has been described in detail in its presently preferred first embodiment directed 
20 to the method of reading the identifying mark formed in the ophthalmic lens, it is to be understood that the invention is 

not limited to the details of the first embodiment. 

[0068] In the illustrated first embodiment, the optical character recognition (OCR) portion 30 reads the characters 
as the identifying mark formed in the marked contact lens 12, so that the information on the marked contact lens 12 is 
obtained. In addition to the characters, other identifying marks such as figures, symbols, etc. can be read. For instance, 
25 code marks such as a bar code and two dimensional codes such as a veri code can be read by using a reading device 
adapted to read the code marks, for thereby obtaining coded information of the lens. Examples of the identifying mark 
or information are shown in the following TABLE 1 . It is noted that the identifying marks are not limited to those indicated 
in the TABLE 1 . Fig. 3 schematically shows one example of the marked contact lens in which the identifying marks are 
fomned. 

30 



TABLE 1 



Information on the ophthalmic lens 


Examples of the identifying mark 


Kind of the ophthalmic lens 


MENICON 2. MENICON SUPER EX, MENICON SOFT 
MA (Product Name) 


Base curve (BC) (radius of curvature at vertex) 


8.00 (mm) 


Diameter (DIA) 


8.8 (mm) 


Center thickness ~" 


0.15 (mm) 


Optical power (P)'"' 


3.00 (diopter) 


Manufacturing date or number 


2000.01.01 


Material 


PMMA 


Storing liquid 


Saline solution 


Expiration date 


2010.01.01 


Manufacturing Plant 


Seki-Plant, Seki, Gifu-ken 


Lot No. 


DE0892272 


Two dimensional code 


(two dimensional data of at least one of those described 
above) 



'* : The monofocal contact lens has a single optical power value, while a multifocal contact lens such as a bifocal contact lens has a plurality of 
optical power values. In the toric contact lens, other Information such as an astigmatic axis orientation and an additional power is given. 



55 

[0069] The optical filters such as the band pass filter and the cut-off filter may be disposed otherwise. For instance, 
the optical fitters may be disposed outside the electromagnetic radiation emitting device 10 and the detecting device 
14, respectively, provided that the optical filters are located between the excitation light source and the marked contact 
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lens, and between the image-taking device and the marked contact lens. The optical filters are not essential, but may 
be suitably provided depending upon the excitation light source and the image-taking device. 

[0070] The structure of the image data processing device 28 is not limited to that in the illustrated first embodiment, 
but may be suitably detenmined depending upon the fomns of the Identifying marks to be read. 

5 [0071] In the illustrated first embodiment, the identifying mark is automatically read or recognized in the image data 
processing device 28. The identifying mark may be read manually by the worker from the output fluorescent image of 
the lens. In this case, f or permitting the worker to easily recognize the identifying mark Jt is preferable t^^^^ 
image of the lens detected by the detecting device 1 4 is represented by a plurality of colors corresponding to respective 
values of luminance at local portions of the ophthalmic lens. Alternatively, It is preferable that the output device is 

10 arranged to provide an enlarged fluorescent image of the lens. 

[0072] In the illustrated first embodiment, the electromagnetic radiation emitting device 1 0 and the fluorescent image 
detecting device 14 are located above the marked contact lens 12, shown in Fig. 1, such that the excitation light was 
applied toward the upper surface of the marked contact lens 12, and such that the self-flu orescent light emitted from 
the marked contact lens 1 2 is detected on the upper side of the lens 1 2. The locations of the devices 10,14 with respect 

15 to the marked contact lens 12 are not particularly limited, provided that the self-fluorescent light emitted from the lens 
12 by exposure to the excitation light can be effectively detected. For instance, the excitation light may be applied from 
the device 10 toward the upper surface of the lens 12 while the device 14 located below the lens 12 may detect the 
self-fluorescent light on the lower side of the lens 12, as shown In Fig. 4. Further, the electromagnetic radiation emitting 
device 10 and the delecting device 14 may be located above the lens 12 with the container 40 being interposed Iher- 

20 ebelween. 

[0073] In the illustrated first embodiment, the marked contact lens 12 is accommodated in the container 40 with its 
base curved surface facing upward. The marked contact lens 12 may be positioned with its front curved surface facing 
upward. 

[0074] In the illustrated first embodiment, the Identifying mark is read with the marked contact lens 1 2 being immersed 
25 in a predetermined amount of the liquid medium 42 accommodated in the container 40. The structure of the container 
40 is not limited to that in the illustrated embodiment. Further, the container 40 and the liquid medium 42 are not 
essential. « . 

[0075] In the illustrated first embodiment, the identifying mark is read while the container 40 in which the marked 
contact lens 12 is accommodated is placed on the elevator 38, as shown in Figs. 2 and 5. in place of the elevator 38, 
30 a known transferring device such as a belt conveyor may be used, for thereby permitting a continuous reading of the 
identifying marks formed in each of a plurality of marked contact lenses, 

[0076] Referring next to Figs. 8-11. there will be explained a second and a third embodiment of the present invention, 
which are directed to a method of obtaining a thickness of an ophthalmic lens, as another example of the particulars 
which give information on the ophthalmic lens. In these second and third embodiments, the same reference numerals 
35 as used in the above-described first embodiment of Figs. 1 -7 are used to Identify the corresponding components, and 
a detailed description of which is dispensed with. 

[0077] Fig. 8 schematically shows a thickness measuring device, which is constructed according to the second em- 
bodiment, for measuring the thickness of an ophthalmic lens. The thickness measuring device of Fig. 8 Includes the 
electromagnetic radiation emitting device 1 0, the fluorescent image detecting device 14 (which are the same as those 

•*o explained in the above-described first embodiment), a computer 116, and an output device 124. The wavelength of 
the excitation light for irradiating the ophthalmic lens in the fomi of a contact lens 112 and the wavelength of the self- 
fluorescent light emitted from the contact lens 112 are within the respective preferred ranges described above with 
respect to the first embodiment. In this second embodiment, too, a suitable optical fitter may be interposed between 
the device 10 and the contact lens 112 for the purpose of effectively irradiating the contact lens 112 with the desired 

^5 excitation light. As in the above-described first embodiment, the detecting device 1 4 for detecting the fluorescent image 
of the contact lens 112 is preferably equipped with a suitable optical filter or filters for the purpose of obtaining the 
fluorescent image of the contact lens 112 wilh a high degree of contrast. The structure of the image-taking system 
including the electromagnetic radiation emitting device 10 and the fluorescent image detecting device 14 is similar to 
that shown in Fig. 2 described above with respect to the first embodiment, and a detailed description of which is dis- 

50 pensed with. 

[0078] The fluorescent image of the contact lens 1 1 2 detected by the detecting device 1 4 is fed to the computer 1 1 6 
which includes a luminance determining portion 118 for determining a luminance value at a predetennined thickness 
measuring portion, a thickness detennining portion 1 20for determining the thbkness at the thickness measuring portion 
on the basis of the luminance value detemnined by the luminance determining portion 118, and a converting portion 
55 122 for converting the detected fluorescent Image of the contact lens 112 into a color image. The computer 116 Is 
constituted by any known microcomputer such as a personal computer 

[0079] More specifically described, image data representative of the fluorescent image are applied to the luminance 
determining portion 118 and the converting portion 122, respectively. The detected fluorescent image of the contact 
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lens 112 represents a distribution of respective luminance values of local portions of the contact lens 112. The luminance 
determining portion 1 1 8 first determines a position of the predetermined thickness measuring portion of the lens in the 
fluorescent image, on the basis of suitably input data (e.g., numerical values) indicative of the position of the thickness 
measuring portion, and then obtains the luminance value at the thickness measuring portion on the basis of the distri- 
5 bution. 

[0080] The thickness determining portion 120 detemines the thickness of the thickness measuring portion on the 
basis of the obtained luminance value and according to reference data in the form of a predetermined relationship 
between the thickness of the thickness measuring portion and the luminance value of the self -flu orescent light gener- 
ated by irradiation with the excitation light. One example of the reference data is a calibration curve which is obtained 

10 based on a finding that there is a predetermined correlation between the thickness of the ophthalmic lens and the 
luminance of the self-fluorescent light emitted from the material of the ophthalmic lens. The calibration curve is obtained 
in the following manner, for instance. Initially, there are prepared a plurality of plates which are fonned of the same 
material as the ophthalmic lens and which have mutually different thickness values. The luminance values are deter- 
mined for each of the different plates In a manner similar to that in detecting the fluorescent image of the contact lens 

15 112 described above. The determined luminance values are plotted in relation to the respective thickness values, for 
thereby providing the calibration curve indicating the predetermined relationship between the thickness of the ophthal- 
mic lens and the luminance of the self-fluorescent light emined from the ophthalmic lens. The thickness of the thickness 
measuring portion Is determined on the basis of the luminance value detennined by the luminance determining portion 
1 8 and according to the reference data (predelennined relationship) obtained as described above. Since the reference 

20 data are used every time when the thickness of the ophthalmic lens is measured, the reference data are preferably 
stored in a magnetic disk such as a hard disk or a floppy disk, or a known data storage medium such as a magneto- 
optical disk, a photo disk, or an IC card. 

[0081 ] The thickness of the thickness measuring portion determined as described above is output to the output device 
124 such as a display device and a printer, so that the worker can recognize the thickness of the thickness measuring 

25 portion of the contact lens 112. 

[0082] The fluorescent image of the contact lens 112 applied to the converting portion 122 is represented by a dis- 
tribution of a plurality of different colors or color gradation values corresponding to respective values of luminance of 
infinitesimal local portions or pixel areas of the contact lens 112. The output device 124 outputs the fluorescent image 
of the contact lens 112 represented by the distribution of different colors, whereby the worker can easily recognize the 

30 distribution of the luminance values of the contact lens 112. The present second embodiment may be modified such 
that the thickness of any desired portion of the contact lens 112 can be quickly recognized according to a prepared 
relationship among the thickness of the ophthalmic lens, the luminance of the self-fluorescent light, and the color 
gradation value. 

[0083] According to the present embodiment, the ophthalmic lens is unifomnly irradiated with the predetermined 
35 excitation light over the entire surface thereof, and the fluorescent image of the lens which represents the distribution 
of the luminance values of the local portions of the lens is detected while the lens is emitting the self -fluorescent light. 
The thickness of the predetermined thickness measuring portion can be obtained on the basis of the distribution. 
Accordingly, the thickness of the ophthalmic lens can be easily obtained in a non-contact manner, namely, without 
using any members in contact with the ophthalmic lens, for thereby effectively avoiding the conventionally experienced 
-^0 risk of damaging the lens surface. Further, the present method permits an accurate measurement of the thickness, e. 
g., the optical center thickness, of various ophthalmic lenses such as a mono-focal lens which has the smallest thickness 
at its geometrical center, a toric and a bifocal lens which have a thin-walled portion at its lower or upper portion, and 
other lenses whose optical center Is offset from Its geometrical center. Unlike the conventional thickness measuring 
method using the ultrasonic wave, the present method significantly reduces a requiredtime for measuring the thickness 
•^5 of the ophthalmic lens. 

[0084] In the present method, the self-fluorescent light Is detected over the entire surface of the ophthalmic lens, 
rather than in a predetermined limited portion of the lens. Accordingly, the position of the desired thickness measuring 
portion can be easily and accurately determined in the fluorescent Image. In addition, not only the center thickness, 
but also the thickness at any desired portion of the ophthalmic lens can be obtained in a single measuring operation. 
50 [0085] Since the fluorescent image of the ophthalmic lens is represented by a plurality of different colors correspond- 
ing to the respective luminance values of local portions of the lens, the thickness of the lens or the distribution of the 
luminance values of the ophthalmic lens can be easily recognized. 

[0086] The structure of the thickness measuring device is not limited to that in the illustrated second embodiment, 
but may be modified as shown in Fig. 9. for instance. In Fig. 9, the same reference numerals as used in Fig. 8 are used 
55 to identify the corresponding components, which will not be described below to avoid redundant description. 

[0087] The thickness measuring device of Fig. 9 constructed according to the third embodiment of the invention has 
a computer 126 which is different from the computer 116 of the thickness measuring device of Fig. 8. The computer 
126 of the thickness measuring device according to this third embodiment includes a luminance detemining portion 
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128, a thickness determining portion 130, and a converting portion 132. Like the computer 116 of Fig. 8. the computer 
126 of Fig. 9 is constituted by any known microcomputer such as a personal computer 

[0088] More specifically described, image data representative of the fluorescent image of the contact lens 112 de- 
tected by the detecting device 14 are initially applied to the luminance determining portion 128. The fluorescent Image 
5 represents a distribution of respective luminance values of the infinitesimal local portions or pixel areas of the contact 
lens 112. The luminance detemaining portion 128 determines the respective luminance values of the local portions of 
the contact lens 112 on the basis of the distribution. 

[0089] The obtained luminance values of the local portions of the contact lens 112 are applied to the thickness 
determining portion 130, and the thickness values corresponding to the obtained luminance values of the local portions 

10 of the contact lens 112 are determined according to the prepared reference data described above. 

[0090] The thickness values determined for the local portions of the contact lens 112 are applied to the converting 
portion 132. In the converting portion 132, the distribution of the thickness values of the contact lens 112 is represented 
by a plurality of different colors or color gradation values corresponding to the respective thickness values, and ac- 
cordingly the luminance values, of the infinitesimal local portions of the contact lens 1 1 2. The output device 124 outputs 

'5 the fluorescent image of the contact lens 112 represented by the distribution of different colors, whereby the wortcer 
can easily obtain the thickness at any desired portion of the contact lens 112. 

[0091] The thickness measurement of the contact lens 112 is conducted while the lens 112 is accommodated In the 
container 40 shown in Figs. 8 and 9. As in the illustrated first embodiment of Figs. 1-7, the materia! of the container 
40 is not particulariy limited, bul is preferably selected from among those which do not emit a fluorescent light by 

20 exposure to the excitation light, for obtaining the thickness of the contact lens 112 with high accuracy. It is preferable 
to use, as the material of the container 40, a quartz glass or any known metallic material such as stainless steel or 
aluminum. Those materials are not excited by the UV radiation having a wavelength of 200-400 nm. When the container 
40 is fomried of a material which emits a fluorescent light by exposure to the excitation light, the luminance values of 
the fluorescent imago of the contact Ions 112 need to be determined by taking account of the luminance of the fluo- 

25 rescent light emitted from the material of the container, or the container formed of the material which emits the fluo- 
rescent light needs to be used for obtaining the reference data. 

[0092] In addition, it is preferable that the liquid medium 42 in which the contact lens 112 is immersed does not emit 
a fluorescent light by exposure to the excitation light. If the contact lens 112 and the container 40 were stained, it would 
be difficult to accurately obtain the thickness of the contact lens 112. In view of this, it is preferable that the thickness 
30 measurement Is conducted with the lens being kept clean, at a suitable timing such as during its manufacture or prior 
to its shipment. 

[0093] While the present invention has been described in detail In its presently preferred second and third embodi- 
ments directed to the method of obtaining the thickness of the ophthalmic lens, it is to be understood that the invention 
is not limited to the details of the second and third embodiments. The present method of obtaining the thickness of the 

55 ophthalmic lens may be practiced by using a thickness measuring device different from those shown in Figs. 8 and 9. 
[0094] In the illustrated second and third embodiments, the luminance values in the fluorescent image of the oph- 
thalmic lens are obtained for the infinitesimal local portions or pixel areas. The luminance values may be obtained for 
a desired area of the thickness measuring portion, which has various shapes such as a circle (having a diameter of 
1 urn, for instance), across, a rectangle, a square, a polygonal, etc. In obtaining the thickness of the thickness measuring 

•^0 portion which is composed of a plurality of pixels, the luminance values of the respective pixels are preferably averaged, 
and the average value of luminance is used to determine the thickness of the thickness measuring portion, for an 
improved measuring accuracy. The thickness measuring portion may be detemnined otherwise, for instance, by pointing 
a desired portion of the fluorescent image of the lens indicated on the monitor 

[0095] In addition to the thickness at a predetemriined portion of the ophthalmic lens, the smallest or the largest 
'*5 thickness of the ophthalmic lens and the positions in the lens which give the largest and small thickness, respectively, 
can be obtained from the intensity (luminance) of the detected self-fluorescent light. 

[0096] In the illustrated second and third embodiments, the converting portions 122, 132 are arranged such that the 
fluorescent image of the ophthalmic lens detected by the detecting device 14 is represented by a plurality of colors or 
color gradation values corresponding to the respective luminance values of local portions of the lens, whereby the 
so color image of the lens is output to the output device 1 24. The converting portion 1 22, 1 32 is not an essential component 
in the present invention. 

[0097] The optical filters such as the band pass filter and the cut-off filter may be disposed othenwise. For instance, 
the optical filters may be disposed outside the electromagnetic radiation emitting device 10 and the detecting device 
14, respectively, provided that the optical filters are located between the excitation light source and the ophthalmic 
55 lens, and between the image-taking device and the ophthalmic lens. The optical filters are not essential, but may be 
suitably provided depending upon the excitation light source and the image-taking device. If the excitation light source 
is arranged to emit only a light in the desired wavelength range, the optical filters need not be provided. 
[0098] The structures of the computers 116, 126are not limited to those described above. For instance, the thickness 
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of the thickness measuring portion may not be determined by the computers 116, 126, but may be determined by the 
worker on the basis of the obtained luminance and according to the calibration curve, for instance. 
[0099] In the illustrated second and third embodiments, the entire surface of the ophthalmic lens Is Irradiated with 
the excitation light, and the fluorescent Image of the ophthalmic lens Is detected. Only a desired thickness measuring 
5 portion may be irradiated with the excitation light for detecting the self-flu orescent light only from the desired thickness 
measuring portion. 

[0100] In the illustrated second and third embodiments, the electromagnetic radiation emitting device 10 and the 
detecting device 14 are located above the ophthalmic lens (112). The electromagnetic radiation emitting device 10 and 
the detecting device 14 may be located In opposed relation to each other with the ophthalmic lens being Interposed 

10 therebetween. 

[0101] In measuring the thickness of the contact lens (112), the contact lens 112 may be accommodated In the 
container 40 with its base curved surtace facing upward, as shown In Figs. 8 and 9, or the contact lens 112 may be 
positioned with its front curved surface facing upward. 

[0102] In the Illustrated second and third embodiments, the principle of the present Invention is applied to the toric 
15 lens and the bifocal lens. The principle of the present invention is applicable to contact lenses and intraocular lenses 
having various configurations and formed of various materials. 

[0103] Referring next to Figs. 12-16, there will be described a fourth embodiment of the present invention which is 
directed to a method of detecting an angular position of an ophthalmic lens, as another example of the particulars 
which give information on the ophthalmic lens. The angular position Is defined, for Instance, by a position of one of the 
20 thickest circumferential portion, a distant vision correction region, and a near vision correction region of the ophthalmic 
lens, in its circumferential direction. In this fourth embodiment, the same reference numerals as used in the above- 
described first embodiment of Figs. 1-7 are used to identify the corresponding components, and a detailed description 
of which is dispensed with. 

[0104] Fig. 12 schematically shows an angular position detecting device, which is constructed according to the fourth 

25 embodiment, for detecting the angular position of an ophthalmic lens. The angular position detecting device of Fig. 12 
includes the electromagnetic radiation emitting device 10, the fluorescent Image detecting device 14 (which are the 
same as those explained in the above-described first embodiment), an Image data processing device 228, and an 
output device 238. The wavelength of the excitation light for irradiating the ophthalmic lens in the form of a contact 
lens 212 and the wavelength of the self-fluorescent light emitted from the contact lens 212 are within the respective 

30 preferred ranges described above with respect to the first embodiment. In this fourth embodiment, too, a suitable optical 
filter may be interposed between the device 1 0 and the contact lens 222 for the purpose of effectively irradiating the 
contact lens 212 with the desired excitation light As in the above-described first embodiment, the detecting device 14 
for detecting the fluorescent image of the contact lens 212 is preferably equipped with a suitable optical filter or filters 
for the purpose of obtaining the fluorescent image of the contact lens 21 2 with a high degree of contrast. The structure 

35 of the image-taking system including the electromagnetic radiation emitting device 10 and the fluorescent Image de- 
tecting device 14 is similar to that shown in Fig. 2, and a detailed description of which is dispensed with. 
[01 05] Image data representative of the fluorescent image detected by the detecting device 1 4 may be directly output 
to the output device 238. In the present embodiment, however, the image data representative of the fluorescent image 
are applied to the image data processing device 228. The fluorescent image represents a distribution of respective 

40 luminance values of local portions of the contact lens 21 2. The image data processing device 228 includes a reference 
radial direction determining portion 234 which comprises a smoothing means 230 for smoothing the luminance values 
of the local portions of the fluorescent image and a reference radial direction determining means 232 for determining 
a reference radial direction, and an angle calculating portion 236 for calculating an angle defined by the reference 
radial direction and a horizontal axis L of the fluorescent image of the contact lens 212. The reference radial direction 

45 is defined by the geometrical center of the lens and the thickest circumferential portion of the lens. The thickest cir- 
cumferential portion of the lens is aligned with the reference radial direction. The image data processing device 228 
is consliluled by any known microcomputer such as a personal computer 

[0106] The image data representative of the fluorescent image of the contact lens 212 are initially applied to the 
smoothing means 230, so that the fluorescent image of the contact lens 212 is subjected to a smoothing treatment. 
50 Described in detail, the luminance values at the local portions of the lens 21 2, especially at the portions having relatively 
high luminance values, are smoothed for the purpose of averaging the luminance values at those portions to minimize 
variations in the luminance values, whereby the distribution of the luminance values in the fluorescent image of the 
contact lens 212 can be clearly recognized. Fig. 1 3 schematically shows the smoothed fluorescent image of the contact 
lens 212. 

55 [01 07] The smoothed fluorescent image of the contact lens 21 2 is applied to the reference radial direction determining 
means 232 to determine, as the reference radial direction, a radial direction extending from the geometric center of 
the lens toward a circumferential position of the tens exhibiting high luminance values, as shown in Fig. 3. 
[01 08] The determined reference radial direction is applied to the angle calculating portion 236 to calculate an angle 
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a defined by the reference radial direction and the horizontal axis L of the fluorescent image of the contact lens 212. 
[01 09] The calculated angle a is output to the output device 238 such as a known display device or a printer so that 
the worker can recognize the reference radial direction. According to the present embodiment, the angular position of 
the contact lens 212 defined by the reference radial direction which extends from the geometrical center of the lens 

5 toward the thickest circumferential portion of the lens can be accurately detected, whereby various characteristic in- 
spections of the contact lenses 212 can be conducted with high accuracy In the astigmatism correction contact lens, 
a spherical power, a cylindrical power an orientation of an astigmatic axis, and an amount of prism are accurately 
detected based on the determined angular position. The presbyopia correction contact lens is examined for Its circum- 
ferential positions of the distant and near vision correction regions based on the determined angular position. 

10 [0110] The present method permits detection of the angular position of a special contact lens which has circumfer- 
ential portions having respective different thickness values and whose fluorescent image has a distribution of the lu- 
minance values shown in Fig. 3, for instance. Examples of the special contact lens include an astigmatism correction 
contact lens whose typical example is a toric lens, and a presbyopia correction contact lens whose typical example is 
a multifocal lens providing near and distant vision correction powers. It is noted that the present method is applicable 

15 to any other ophthalmic lenses which have circumferential portions having respective different thickness values by 
provision of the prism ballast mechanism, for example. 

[01 1 1 ] In the present method of detecting the angular position of the ophthalmic lens, the entire surface of the oph- 
thalmic lens is irradiated with a suitable excitation light, and the fluorescent image of the lens is detected while the lens 
is emitting the self-fluorescent light by exposure to the excitation light. On the basis of the fluorescent image which 
20 represents the distribution of the luminance values on the surface of the ophthalmic lens, the reference radial direction 
and the angle a are detemnined, for thereby permitting an accurate detection of the angular position of the ophthalmic 
lens. 

[01 12] The present method permits an automatic and continuous detection of the angular position of each of a plurality 
of ophthalmic lenses, for thereby considerably reducing a time and a labor cost required for detecting the angular 

25 position of the ophthalmic lens. 

[0113] In the present method wherein the self-fluorescent light emitted from the ophthalmic lens itself is detected, 
the fluorescent image of the ophthalmic lens is considerably dear, as compared with an image of an ophthalmic lens 
which is obtained by in-adiating the lens with a visible light, and detecting a portion of the light which is reflected by the 
lens or which is not absorbed by the lens. Accordingly, unlike the conventional method, the present method permits 

30 an accurate detection or determination of the angular position of the lens (e.g., the reference radial direction). 

[01 14] As in the above-described first embodiment of Figs. 1 -7, the angular position of the contact lens 21 2 is detected 
with the lens 21 2 being immersed in the liquid medium 42 such as a saline solution, distilled water or a suitable contact 
lens storing liquid, as shown in Fig. 12. The liquid medium 42 is accommodated in the container 40 which has a 
cylindrical shape with a relatively small depth. The excitation light is applied to the contact lens 212 while the contact 

35 lens 21 2 is immersed in the liquid medium 42 accommodated in the container 40. As In the illustrated first embodiment, 
the material of the container 40 is not particulariy limited, but is preferably selected from among those which do not 
emit a fluorescent light by exposure to the excitation light, for detecting the angular position of the ophthalmic lens with 
high accuracy. It is preferable to use, as the material of the container 40, a quartz glass or any known metallic material 
such as stainless steel or aluminum. Those materials are not excited by the UV radiation having a wavelength of 

40 200-400 nm. The material of the container 40 is not limited to those described above, but any other known materials 
which emit a fluorescent light by exposure to the excitation light may be used, as long as the angular position can be 
effectively detected from the fluorescent image representing the distribution of the luminance values on the surface of 
the ophthalmic lens, without being adversely influenced by the fluorescent light emitted from the material of the con- 
tainer 

•*5 [0115] In addition, it is preferable that the liquid medium 42 in which the contact lens 212 is Immersed does not emit 
a fluorescent light by exposure to the excitation light. If the contact lens 212 and the container 40 were stained, it would 
be difficult to accurately detect the angular position of the contact lens 212. In view of this, it is preferable that the 
detection of the angular position of the contact lens 212 is conducted with the contact lens 212 being kept clean, at a 
suitable timing such as during its manufacture or prior to its shipment. 

50 [01 1 6] Preferably, the contact lens 21 2 is accommodated in the container 40 such that the contact lens 212 is pre- 
vented from rotating therein, for the subsequent various inspections on the lens. 

[01 1 7] While the present invention has been described in detail in its presently preferred fourth embodiment directed 
to the method of detecting the angular position of the ophthalmic lens, it is to be understood that the invention is not 
limited to the details of the fourth embodiment. 
55 [0118] In the illustrated fourth embodiment, the reference radial direction and the angle a which is defined by the 
reference radial direction and the horizontal axis L of the special contact lens are detected. On the basis of the obtained 
distribution of the luminance values on the surface of the ophthalmic lens and the obtained angular position of the lens, 
it is possible to detect, in the special contact lens, the respective circumferential positions of the near vision correction 



14 



BNSDOCID: <EP 1225441 A2 I > 



EP 1 225 441 A2 



region and the distant vision correction region. Further, it is possible, in the presbyopia correction contact lens, to detect 
respective circumferential positions of two optical portions, and to determine that one and the other of the two optical 
portions are assigned to the corresponding one and the other of the near vision correction region and the distant vision 
correction region. 

5 [01 19] The optical filters such as the band pass filter and the cut-off filter may be disposed otherwise. For Instance, 
the optical filters may be disposed outside the electromagnetic radiation emitting device 10 and the detecting device 
14, respectively, provided that the optical filters are located between the excitation light source and the ophthalmic 
lens, and between the image-taking device and the ophthalmic lens. The optical filters are not essential, but may be 
suitably provided depending upon the excitation light source and the image-taking device. 

10 [01 20] The structure of the image data processing device 228 is not limited to that of the illustrated fourth embodiment, 
but may be suitably modified depending upon the angular position to be detected, e.g., the reference radial direction 
and the angle a, and the circumferential positions of the near and distant vision correction regions. 
[0121] While the angular position of the ophthalmic lens such as the reference radial direction is detected by the 
image data processing device 228 in the Illustrated fourth embodiment, the angular position may be detected by a 

15 manual operation of the worker on the basis of the output distribution of the luminance values represented by the 
fluorescent image of the ophthalmic lens. In this case, the fluorescent image is preferably represented by a plurality 
of colors or color gradation values corresponding to the respective values of the local portions of the ophthalmic lens, 
for easier recognition of the disthbution of the luminance values. 

[01 22] In the Illustrated fourth embodiment, the electromagnetic radiation emitting device 1 0 and the detecting device 
20 14 are located above the contact lens 212, shown in Fig. 12, such that the excitation light was applied toward the upper 
surface of the contact lens 212, and such that the self-fluorescent light emitted from the contact lens 212 Is detected 
on the upper side of the lens. The locations of the devices 1 0, 14 with respect to the contact lens 21 2 are not particularly 
limited, provided that the self -fluorescent light emitted from the contact lens 21 2 by exposure to the excitation light can 
be effoctivGly detected. For instance, the excitation light may be applied from the device 10 toward the upper surface 
25 of the contact lens 21 2 while the device 1 4 located below the contact lens 21 2 may detect the self-fluorescent light on 
the lower side of the contact lens 212, as shown in Fig. 14. Alternatively, the electromagnetic radiation emitting device 
1 0 may be located below the contact lens 212 while the detecting device 1 4 may be located above the contact lens 212. 
[0123] In the illustrated fourth embodiment, the contact lens 212 Is accommodated In the container 40 with its base t 
curved surface facing upward. The contact lens 212 may be positioned with its front curved surface facing upward.- 
30 [0124] In the illustrated fourth embodiment, the angular position of the contact lens 212 is detected while the contact 
lens 212 is immersed in a predetermined amount of the liquid medium 42 accommodated in the container 40. The 
structure of the container 40 is not limited to that In the Illustrated embodiment. Further, the container 40 and the liquid 
medium 42 are not essential. 

[01 25] I n the illustrated fourth embodiment, the angular position of the contact lens 21 2 is detected while the container 
55 40 in which the contact lens 212 is accommodated is placed on the elevator 38, as shown in Fig. 2. In place of the 
elevator 38, a known transferring device such as a belt conveyor may be used, for thereby permitting a continuous 
detection of the angular position of each of a plurality of contact lenses. 

EXAMPLES 

40 

[0126] There will be described some examples of the present invention to further clarify the present invention. How- 
ever, It is to be understood that the present invention is not limited to the details of the following examples and the 

presently preferred embodiments described above, but may be embodied with various changes, modifications and 
improvements, which may occur to those skilled in the art, without departing from the spirit of the present invention, 

45 

<Examp!e1> 

[0127] Initially, there is prepared, as a sample lens, a new highly water-swollen soft contact lens in which an identifying 
mark "-3. GO" which represents the optical power of the lens is engraved with a laser radiation. This sample contact 
50 lens has a base curve value of 8.50 mm and a diameter of 14.0 mm. By using an identifying mark reading device 
described below, the identifying mark formed In the sample lens was read in the following manner. As the reference 
data which are compared with the data to bo obtained from the fluorescent imago of the sample lens, "-3.00" is used. 

-Reading device- 

55 

[0128] 

. ORCA AQUACOSMOS package available from "KABUSHIKI KAISHA HAMAMATSU PHOTONICS, Japan 
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Image-taking device: digital CCD camera (C-4742-95-12NR) 

F mount fens (f=55 mm, F2.8S) 
image analyzing device: image data processing device (C7746-43E) 
image analyzing software: AQUACOSMOS BASIC SOFTWARE (U 7501) 
5 OCR SOFTWARE (self-made program available from Menicon Co., Ltd., Japan) 

Excitation light source: mercury-xenon lamp 200W . . 

Optical filter : 

^0 <excitation light source> 

330-380UV excitation filter 
<image-taking device> 
sky light filter 

(cut-off filter adapted to Inhibit transmission of a light whose wavelength Is not larger than 390 nm) and 
^5 400 absorption filter 

(cut-oft filter adapted to inhibit transmission of a light whose wavelength is not larger than 400 nm) 

[0129] The sample contact lens was immersed in a predetemirned amount of a saline solution accommodated in a 
blister case (40) with its base curved surface facing upward, as shown in Fig. 2. The blister case (40) accommodating 
the sample contact lens therein was placed on a stage of the detecting device (14) constituted by the digital CCD 
camera (22) equipped with the F mount lens (20). 

[01 30] The excitation light was applied toward the upper surface of the sample contact lens, and the self-fluorescent 
light emitted from the lens by the exposure to the excitation light was detected on the upper side of the lens. As the 
electromagnetic radiation omitting device (10), a mcrcury-xcnon lamp (200W) was used. This mercury-xenon lamp is 
equipped with a 330-380U\/ excitation filter which permits transmission of a light having a wavelength In the neighbor- 
hood of 330-380 nm and whose spectral transmittance in the neighborhood of 340-390 nm is not less than 60%. The 
detecting device (14) is equipped with a sky light filter which inhibits transmission of a light whose wavelength is smaller 
than 390 nm and whose spectral transmittance at a wavelength of not less than 400 nm is not less than 80%: The 
detecting device (14) is also equipped with a 400 absorption filter which inhibits transmission of a light whose wave- 
30 length is smaller than 400 nm and whose spectral transmittance at a wavelength of not less than 420 nm is not less 
than 80%. 

[0131] The image data representative of the fluorescent image taken by the detecting device (14) constructed as 
described above are applied to the image data processing device (computer) connected to the detecting device (14) 
via an interface, so that the identifying mark was read from the fluorescent image of the sample contact lens, and 
compared with the prepared reference data. The identifying mark read from the fluorescent image was confinned to 
be identical with the reference data. The fluorescent image of the sample contact lens taken by the detecting device 
(14) is shown in Fig. 6. 

[0132] As a comparative example, the sample contact lens was directly photographed by using a device similar to 
the device (14) while the lens was illuminated with a visible light. The obtained image of the lens is shown in Fig. 7. 
40 [0133] As is apparent from Figs. 6 and 7, the identifying mark is represented by the fluorescent image of the lens 
with a higher degree of clarity than the image of the lens which is directly taken by a camera, whereby the identifying 
mark can be effectively recognized, 

[0134] According to the present method of reading the identifying mark fonned in the ophthalmic lens, the identifying 
mark, which is engraved with the laser radiation, for instance, and which is generally difficult to be recognized by a 
visual inspection , is clearly represented by the fluorescent image, so that the identifying mark formed in the ophthalmic 
lens can be easily and effectively recognized. 



20 



25 



35 



45 



^Example 2> 

50 [0135] Initially, there were prepared, as sample lenses, a new toric lens ("MENICON 72TORIC LENS" available from 
Menicon Co., Ltd.. Japan) and a new bifocal lens ("MENIFOCAL SOFT 72" available from Menicon Co., Ltd., Japan) 
having the respective specifications described bolow. 
MENICON 72 TORIC LENS 

base curve: 8.70 mm optical power: -3.00 diameter: 14.0 mm 
55 additional power: -1 .75 axis: 180 

MENl FOCAL SOFT 72 

base cun^e: 8.10 optical power -3.00 diameter: 13.5 mm 
additional power: -i-3.00 axis:-30 
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The thickness of e^^ch of these two sample lenses was measured by using a thickness measuring device described 
below. 

-Thickness measuring devlce- 

5 

[0136] 

ORCA AQUACOSMOS package available from "KABUSHIKI KAtSHA HAMAMATSU PHOTONICS, Japan 

w image-taking device: digital CCD camera {C-4742-95-12NR) 

F mount lens {f=55 mm, F2.8S) 
image analyzing device: image data processing device (C7746-43E) 
image analyzing software: AQUACOSMOS BASIC SOFTWARE (U 7501) 

15 . Excitation light source: mercury-xenon lamp 200W 
Optical filter: 

<excitation light source> 
330-380UV excitation filler 
20 <image-taking device> 

sky light filter 

(cut-off filter adapted to inhibit translmission of a light whose wavelength is not larger than 390 nm) and 
400 absorption filter 

(cut-off filter adapted to inhibit transmission of a light whose wavelength Is not larger than 400 nm) 

25 

[0137] Each of the sample lenses was immersed in a predetermined amount of a saline solution accommodated in 
a blister case (40) with its base curved surface facing upward, as shown In Fig. 2. The blister case (40) accommodating 
each sample contact lens therein was placed on a stage of the detecting device (14) constituted by the digital CCD 
camera (22) equipped with the F mount lens (20). 

30 [0138] The excitation light was applied toward the upper surface of each sample lens, and the self-fluorescent light 
emitted from the lens by the exposure to the excitation light was detected on the upper side of the lens. As the elec- 
tromagnetic radiation emitting device (10), the mercury-xenon lamp (200W) as used in the above Example 1 was used. 
The mercury-xenon lamp is equipped with the optical filter similar to that described with respect to the above Example 
1 . The detecting device (14) is equipped with the optical filters similar to those described above with respect to the 

35 above Example 1 . 

[0139] The fluorescent image taken by the detecting device (14) constructed as described above is applied to the 
image data processing device (computer) connected to the detecting device (14) via an interface, so that the thickness 

of the tens at its geometric center portion (corresponding to one pixel) in a direction of its optical axis was obtained. 
The result of the measurement for each sample lens is indicated in the following Table 2, together with the number (n) 
-iO of measurement and the standard deviation (o). The fluorescent images (in 256 gradation steps) of the sample lenses, 
i.e., the toric lens and the bifocal lens, are indicated in the respective black-and-white pictures, as shown in Figs. 10 
and 11. 

[0140] The reference data used in obtaining the thickens of each sample lens were determined by obtaining, under 
the same condition as that for measuring the thickness of each sample lens, the luminance values of a plurality of 
•*s plates formed of the same material as the material of each sample lens and having different thickness values. The 
relationship between the luminance values and the thickness values of each sample lens is represented by a calibration 
curve which is obtained by second-order least square approximation. The obtained calibration curve for each sample 
lens is stored in the hard disc of the computer. The calibration curves for the two sample lenses, i.e., the torIc lens and 
the bifocal lens, are represented by the following equations (1) and (2), respectively. 

50 

<equation (1)> 

y = 0.0002x^ 0.0108X - 0.0364 (correlation function = 0.95) 

55 

<equation (2)> 
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y = O.OOOOBx^ + 0.001 6x + 0.0326 (correlation function = 0.95) 

[0141] As a comparative example, the center thickness of each sample lens was measured by using a low-contact- 
5 force thickness measuring device ("LITEMATIC VL-50" available from KABUSHIKI KAISHA MITSUTOYO, Japan). The 
results of the measurement are also indicated in the TABLE 2. In the following TABLE 2, the design value of the center 
thickness for each sample lens is also indicated ^ . 



TABLE 2 





toric lens 


bifocal lens 


Sample lens according to 
the present invention 


0.122 mm 
(a =0.0160, n=5) 


0.248 mm 
(c = 0.097, n=5) 


Sample lens 

as comparative example 


0.125 mm 


0.251 mm 


Design value 


0.120 mm 


0.243 mm 



20 

[01 42] As is apparent from the results indicated in the TABLE 2, the center thickness values obtained for the sample 
lenses according to the present invention are substantially equal or close to the respective design values. Thus, it is 
understood that the thickness of the toric lens and bifocal lens can be measured with an accuracy which is equal to or 

25 higher than that in measuring the thickness by using the conventional low-contact-force thickness measuring device. 
According to the present method, the thickness of the ophthalmic lens can be accurately measured without a risk of 
damaging the ophthalmic lens. 

<Example 3> 

30 

[0143] Initially, there were prepared, as sample lenses, a new Xox\o lens (an astigmatism correction contact lens 
"MEN ICON 72 TORIC LENS" available from Menicon Co., Ltd., Japan) and a new contact lens (a presbyopia correction 
contact lens "MENI FOCAL SOFT 72" available from Menicon Co., Ltd., Japan) having the respective specifications 
described below. 
35 MENICON 72 TORIC LENS 

base curve: 8.70 mm optical power: -3.00 diameter: 14.0 mm 
additional power: -1.75 axis: 180 
MENI FOCAL SOFT 72 • 

. base curve: 8.10 mm optical power -3.00 diameter: 13.5 mm 
40 additional power: +3.00 axis: -30 

The angular position of each of these two sample lenses was detected by using an angular position detecting device 
described below. 

-Angular position detecting device- 

45 

[0144] 

. ORCA AQUACOSMOS package available from "KABUSHIKI KAISHA HAMAMATSU PHOTONICS, Japan 

50 image-taking device: digital CCD camera (C-4742-95-12NR) 

F mount lens (f=55 mm, F2.8S) 
image analyzing device: image data processing device (C7746-43E) 
image analyzing software: AQUACOSMOS BASIC SOFTWARE (U 7501) 

55 Excitation light source: mercury-xenon lamp 200W 

Optical filter : 

<excitation light source> 
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330'380UV excitation filter 
<image-taking devfce> 
sky light filter 

(cut-off filter adapted to inhibit transmission of a light whose wavelength is not larger than 390 nnn) and 
5 400 absorption filter 

(cut-off filter adapted to inhibit transmission of a light whose wavelength is not larger than 400 nm) 

[0145] Each of the sample lenses was immersed in a predetermined amount of a saline solution accommodated in 
a blister case (40) with its base curved surface facing upward, as shown in Fig. 2. The blister case (40) accommodating 
10 each sample contact lens therein was placed on a stage of the detecting device (14) constituted by the digital CCD 

camera (22) equipped with the F mount lens (20). 

[0146] The excitation light was applied toward the upper surface of each sample lens, and the self-fluorescent light 
emitted from the lens by the exposure to the excitation light was detected on the upper side of the sample lens. As the 
electromagnetic radiation emitting device (10), the mercury-xenon lamp (200W) as used in the above Example 1 was 
15 used, The mercury-xenon lamp is equipped with the optical filter similar to that described with respect to the above 
Example 1 . The detecting device (14) is equipped with the optical filters similar to those described above with respect 
to the above Example 1 , 

[0147] The image data representative of the fluorescent image taken by the detecting device (14) constructed as 
described above are applied lo the Image data processing device (computer) connected to the detecting device (14) 

20 via an interface, so that the reference radial direction and the angle u defined by the reference radial direction and the 
horizontal axis L of the lens are detected. The fluorescent images of the sample lenses taken by the detecting device 
(14) are shown in Figs. 15 and 16. 

[0148] It is apparent from Figs. 15 and 1 6 that the self -fluorescent image of each sample lens exhibits high luminance 
values at its thickest circumferential portion corresponding to the prism ballast, for thereby permitting an easy detection 
25 of the reference radial direction of the lens. 

[01 49] According to the present method, the angular position of the ophthalmic lens can be easily and quickly detected 
with a high degree of accuracy without <a risk of causing detecting errors of the individual workers and without requiring . 
a relatively long detecting time. 

[0150] It is to be understood that the present invention may be embodied with various other changes, modifications 

30 and improvements, such as those described in the SUMMARY OF THE INVENTION, which may occur to those skilled 
in the art, without departing from the spirit and scope of the invention defined in the following claims: 



Claims 

35 

1. A method of reading an identifying mark in the form of a character, a figure, or a symbol, which is formed in a 
predetermined portion of a surface of an ophthalmic lens (1 2) and which identifies said ophthalmic lens, comprising 
the steps of: 

•^0 irradiating said ophthalmic lens with an excitation light so that a self-fluorescent light is emitted from said 

ophthalmic lens; 

taking a fluorescent image of said ophthalmic lens while said ophthalmic lens is emitting said self-fluorescent 

light; 

obtaining infonnation on said ophthalmic lens by reading said identifying mark formed in said ophthalmic lens 
-^5 on the basis of said fluorescent image. 

2. A method according lo claim 1 , further comprising a sLep of judging whether the obtained information is identical 
with prepared reference information. 

50 3. A method according to claim 1 or 2, wherein said step of irradiating said ophthalmic lens with an excitation light 
and said step of taking a fluorescent image are effected with said ophthalmic lens being immersed in a liquid 
medium (42) accommodated in a container (40). 

4. A method according to any one of claims 1 -3, wherein said step of taking a fluorescent image of said ophthalmic 
55 lens is effected by using a CCD camera (22). 

5. A method according to any one of claims 1-4, wherein said excitation light is a UV light having a wavelength in a 
range of 200-400 nm. 
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6. A method according to any one of claims 1-5, wherein said self-fluorescent light has a wavelength in a range of 
340-470 nm, 

7. A method of obtaining a thickness of an ophthalmic lens (112), comprising the steps of: 

5 

irradiating said ophthalmic lens with an excitation light so that a self-fluorescent light is emitted from said 
ophthalmic lens: _ ... . 

obtaining a luminance value at a thickness measuring portion of said ophthalmic lens from said self-fluorescent 
light: and 

10 determining said thickness at said thickness measuring portion on the basis of the obtained luminance value 

and according to a predetermined relationship between the thickness of said thickness measuring portion and 
the luminance value of the self -fluorescent light generated by irradiation with the excitation light. 

8. A method according to claim 7, wherein said step of obtaining a luminance value at said thickness measuring 
15 portion comprises a step of taking a fluorescent image of said ophthalmic lens while said ophthalmic lens is emitting 

said self-fluorescent light, said fluorescent image representing a distribution of luminance values on a surface of 
said ophthalmic lens irradiated with said excitation light, said luminance value at said thickness measuring portion 
being obtained on the basis of said distribution. 

20 9. A method according to claim 8, wherein said step of taking a fluorescent image of said ophthalmic lens is effected 
by using a CCD camera (22). 

1 0. A method according to claim 8 or 9, wherein said fluorescent image of said ophthalmic lens represents a distribution 
of different colors corresponding to respective values of luminance of local portions of said ophthalmic lens, said 

25 thickness of said thickness measuring portion being obtained from one of said different colors which con-esponds 

to said thickness measuring portion. 

11. A method according to any one of claims 7-10, wherein said excitation light is a UV light having a wavelength in 
a range of 200-400 nm 

30 

12. A method according to any one of claims 7-11 , wherein said self fluorescence light has a wavelength in a range 
of 340-470 nm. 

13. A method of detecting an angular position of an ophthalmic lens (212) having circumferential portions having 
35 respective different thickness values, comprising the steps of: 

irradiating said ophthalmic lens with an excitation light so that a setf-fluorescent light is emitted from said 

• ophthalmic lens; 

taking a fluorescent image of said ophthalmic lens while said ophthalmic lens is emitting said self-fluorescent 
40 light, said fluorescent image representing a distribution of luminance values on a surtace of said ophthalmic 

lens irradiated with said excitation light; and 

determining said angular position of said ophthalmic lens on the basis of said distribution. 

14. A method according to claim 13, wherein said ophthalmic lens is a special contact lens which consists of an astig- 
•*5 matism correction contact lens or a presbyopia correction contact lens. 

15. A method according to claim 13 or 14, wherein said angular position is defined by a position of one of the thickest 
circumferential portion, a distant vision correction region, and a near vision correction region of said ophthalmic 

. lens, in said circumferential direction. 

50 

16. A method according to claim 15, wherein said thickest circumferential portion is aligned with a reference radial 
direction which is defined as a radial direction extending from a geometrical center of said ophthalmic lens toward 
said thickest circumferential portion. 

55 17. A method according to any one of claims 13-16, wherein said step of irradiating said ophthalmic lens with an 
excitation light and said step of taking a fluorescent image are effected with said ophthalmic lens being immersed 
in a liquid medium (42) accommodated in a container (40). 
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18. A method according to any one of clainns 13-17, wherein said step of taking a fluorescent image is effected by 
using a CCD camera (22). 

19. A method according to any one of claims 13-1 8, wherein said fluorescent image of said ophthalmic lens represents 
5 a distribution of different colors corresponding to respective values of luminance of local portions of said ophthalmic 

lens. 

20. A method according to any one of claims 13-19, wherein said excitation light is a UV light having a wavelength in 
a range of 200-400 nm. 

10 

21. A method according to any one of claims 13-20, wherein said self-fluorescent light has a wavelength in a range 
of 340-470 nm. 
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